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1
SYSTEM AND METHOD FOR CONTROLLED
INTENSITY ILLUMINATION IN A
BIOANALYSIS OR OTHER SYSTEM

CLAIM OF PRIORITY

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/282,108, filed Oct. 26, 2011 entitled “SYS-
TEMAND METHOD FOR METERED DOSAGE ILLUMI-
NATION IN A BIOANALYSIS OR OTHER SYSTEM” and
which application is a continuation-in-part of U.S. patent
application Ser. No. 13/007,535, filed Jan. 14,2011, now U.S.
Pat. No. 8,389,957, issued Mar. 5, 2013, entitled “SYSTEM
AND METHOD FOR METERED DOSAGE ILLUMINA-
TION IN A BIOANALYSIS OR OTHER SYSTEM”, which
is incorporated herein by reference.

COPYRIGHT NOTICE

A portion of the disclosure of this patent document con-
tains material which is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
file or records, but otherwise reserves all copyright rights
whatsoever.

FIELD OF INVENTION

The invention is generally related to light sources, and
bioanalytics or bioanalysis, and is particularly related to a
system and method for metered dosage illumination in a
bioanalysis or other system, including applications in
research and development; and in clinical and diagnostic
arenas.

BACKGROUND

Bioanalytics or bioanalysis is the analysis of biological
samples. Bioanalysis systems often use light to excite fluo-
rescence from molecular tags in a sample (referred to herein
as fluorescent tags or fluors). Fluors may be exogenous, as in
the case of fluorescently labeled immunochemical tags that
recognize subcellular structure and bind to impose fluores-
cent labeling; or endogenous, as in the case of genetically
modified cells in which fluorescent proteins for example are
expressed in order to impart specific fluorescent signals
within a living cell. Particularly in fields such as fluorescence
imaging, gene expression analysis, various types of sequenc-
ing, high resolution fluorescence microscopy, fluorescence
life time measurements, and high content screening, it is
necessary to be able to measure the amount of fluorescence
and compare that amount to other measurements. This means
the excitation light flux must generally be measured for each
illumination exposure or fluorescence excitation event. To
monitor biological events, it is necessary to be able to mea-
sure specific biological activity with often sub-millisecond
exposure times. Excitation and detection must occur rapidly,
such that the illumination must be generally switched on and
off within a time period that is at most one-tenth of the
duration of the minimum exposure time. Additionally, fluors
can be temporarily or permanently photo-bleached, and bio-
logical samples can be otherwise damaged by the illumina-
tion light—a process known as phototoxicity. In order to
minimize perturbation of the fluors due to photo-bleaching,
and photo-damage to the biological samples, it is generally
desired to minimize the light flux or dosage within the con-
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2

straints of the signal-to-noise (S/N) requirements of that par-
ticular bioanalysis system. These are the general areas that
embodiments of the invention are intended to address.

SUMMARY

Described herein is a system and method for metered dos-
age illumination in a bioanalysis or other system. In accor-
dance with an embodiment, an illumination system or sub-
system is described that can provide optimized amounts of
excitation light within the short exposure times necessary to
measure fast biological activity. The amount of light can be
precisely measured to provide quantitative results. The light
flux can also be precisely controlled to generate only a pre-
scribed minimum amount of light, in order to reduce adverse
lighting effects on both fluors and samples. Although the
examples herein illustrate the providing of metered dosage
illumination in the context of a bioanalysis system, the tech-
niques can be similarly used to provide metered dosage illu-
mination in the context of other types of system. In accor-
dance with various embodiments, the technique is
particularly useful in any quality-control, analysis, or assess-
ment-based environment. Typical research and development
applications can include quality control, instrument calibra-
tion, and light output standardization; while clinical and diag-
nostics applications can include clinical monitoring, bioassay
calibration and control for diagnostics, treatment and or
therapeutic evaluation.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1illustrates a system for metered dosage illumination,
in accordance with an embodiment.

FIG. 2 illustrates an example of a graphical user interface
(GUI), for use with a system for metered dosage illumination,
in accordance with an embodiment.

FIG. 3 illustrates an example of an alternative graphical
user interface (GUI), for use with a system for metered dos-
age illumination, in accordance with an embodiment.

FIG. 4 illustrates an example of a fluorescence lifetime
imaging microscopy (FLIM) technique, in accordance with
an embodiment.

FIG. 5 illustrates an embodiment of an analog measure-
ment of dosage, in accordance with an embodiment.

FIG. 6 illustrates how the system can be used to provide
constant current dosage illumination, in accordance with an
embodiment.

FIG. 7 illustrates how the system can be used to provide
metered dosage illumination, in accordance with an embodi-
ment.

FIG. 8 illustrates how the system can be used to provide
constant intensity illumination, in accordance with an
embodiment.

DETAILED DESCRIPTION

As described above, in the context of bioanalysis, it is often
required that an excitation light flux be measured for each
illumination exposure or fluorescence excitation event; or
that the illumination be switched on and off within an appro-
priately brief time period; or that the light flux or dosage be
minimized within the constraints of the signal-to-noise (S/N)
requirements of the particular bioanalysis system.

To address this, described herein is a system and method
for metered dosage illumination in a bioanalysis or other
system. In accordance with an embodiment, an illumination
system or subsystem is described that can provide optimized
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amounts of excitation light within the short exposure times
necessary to measure fast biological activity. The amount of
light can be precisely measured to provide quantitative
results. The light flux can also be precisely controlled to
generate only a prescribed minimum amount of light, in order
to reduce adverse lighting eftects on both fluors and samples.
In accordance with various embodiments, the technique is
particularly useful in any quality-control, analysis, or assess-
ment-based environment. Typical research and development
applications can include quality control, instrument calibra-
tion, and light output standardization; while clinical and diag-
nostics applications can include clinical monitoring, bioassay
calibration and control for diagnostics, treatment and or
therapeutic evaluation.

FIG.11llustrates a system for metered dosage illumination,
in accordance with an embodiment. As shown in FIG. 1, in
accordance with an embodiment, the system 102 comprises a
multi-color light engine 104 that can provide a plurality of
different colors of light as a light output 106, to excite various
fluorescent markers in a sample 108. An example of such a
light engine can be the SPECTRA series of light engines
supplied by Lumencor, Inc.

A host computer 110 generates an analysis protocol,
including providing a dosage for each of the plurality of
colors, and receiving feedback data from a camera 112. In
accordance with an embodiment, the dosage can be in the
form of a reference count that represents the amount of light
flux per exposure period for each color provided by the light
engine.

The camera is configured to detect fluorescence from the
sample.

A beamsplitter 114 directs a portion of the light engine
output, from the light engine, to a photodiode detector 116. A
light-to-frequency converter 118 converts the detector output
to a pulse train 130, the frequency of which is proportional to
the light flux. A microprocessor-based counter 120 counts the
pulse train, for each color, and compares the ongoing count to
the reference count or preset dosage for each color.

Depending on the particular implementation, the above
components can be provided as part of a complete system; or
alternatively some or all of the above components can be
provided as part of an illumination subsystem. For example,
in accordance with an embodiment, the multi-color light
engine, beamsplitter, photodiode detector, light-to-frequency
converter, and microprocessor-based counter components
can be provided as an illumination subsystem intended for use
with a separately-provided host computer and camera.

In accordance with an embodiment, during operation of the
system, the host computer downloads a reference count 122
for each color to the microprocessor-based counter. For each
exposure period, the computer triggers the camera to begin an
exposure period 124. The camera then sends an enable mes-
sage or otherwise enables 126 the light engine, to turn on the
appropriate color, and begins integrating the fluorescence. A
portion of the light engine output 128, as directed by the
beamsplitter, is monitored by the photodiode detector. The
detector’s output is converted to the pulse train that is then
counted by the counter. When the counter reaches the refer-
ence count, it disables 132 the color channel currently on or
provided by the light engine. Simultaneously, another trigger
134 is sent to the camera, ending the current exposure period.

The above approach avoids the latency inherent in any
non-real-time operating systems. In accordance with an
embodiment, additional circuitry can be provided to deter-
mine which color should be activated, and eliminate any
delay inherent in the light engine turning on a color channel.
An alternative approach is for the computer to turn on each
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color directly in conjunction with starting the camera’s expo-
sure period. In yet other embodiments, the procedure
described above can be modified to suit the particular needs of
the system (such as its use in quantitative analyses, or tem-
porally fast analyses, as described below).

FIG. 2 illustrates an example of a graphical user interface
(GUI) 142, for use with a system for metered dosage illumi-
nation, in accordance with an embodiment. As shown in the
example of FIG. 2, the GUI allows an operator to set and to
monitor dosage counts in each of the plurality of colors that
can be provided by the light engine.

FIG. 3 illustrates an example of an alternative graphical
user interface (GUI) 144, for use with a system for metered
dosage illumination, in accordance with an embodiment. In
the example shown in FIG. 3, the GUI controls power levels
and exposure times. For each color channel, the operator can
enter the relative power levels, maximum dosage frequency
and approximate exposure period. In accordance with an
embodiment, the system, or software therein, calculates the
required dosage or reference count by multiplying the fre-
quency by the desired exposure time. The exposure time is
approximate, since the intensity can change resulting in
shorter or longer exposure periods, but still yielding the same
metered dosage for each period. If the power level is reduced
(for example, by half) the dosimeter frequency is similarly
reduced by half assuming a linear response. For the same
exposure period the calculated dosage is reduced by half.
Quantitative Analysis

In accordance with an embodiment of particular use in
quantitivate analysis, the system can comprise a collection of
color channels, wherein each color channel is used to provide
the specific wavelength band needed to excite a specific fluo-
rescence molecule as defined by the fluorescence absorption
of the tag. In accordance with an embodiment, each color
channel can comprise a solid state light source (e.g. an LED,
laser, light pipe or other light source), a single band pass filter,
and an electronic circuit to power the light source. Within the
system, the channels can be combined using, e.g. dichroic
mirrors, so that the light from each source travels the same
optical path, which is required, e.g. in epifluorescence mea-
surements.

In accordance with an embodiment, the control circuitry
can use a photodiode to measure the excitation light flux from
each channel during each exposure period. An example of
such a photodiode can be the TAOS light-to-frequency con-
verter (part number TSL.230RD), which can be used to quan-
tify the light flux or dosage for each illumination pulse. The
converter circuit generates pulses at a rate that is proportional
to the light flux. Counting the pulses yields a measure of the
dosage during each exposure time. Since dosage measure-
ments can be made for each color channel independently, the
user can optimize the amount of light, using a GUI such as
that described above, to irradiate any given fluor uniquely.
This allows for differences in efficiencies of all the processes
involved in fluorescent signal generation to be taken into
account for each color channel, (e.g. efficiency of light gen-
eration, fluorescence generation, or various differences in
biological sample condition and fluor concentration).

In accordance with an embodiment, quantitative fluores-
cent measurements can be obtained ratiometrically by mea-
suring the fluorescent signal, and dividing that signal by the
dosage. In this manner, the fluorescent measurements can be
normalized and rendered independent of the illumination
intensity. This approach can be further automated by using
dosage measurements to control the timing of the illumina-
tion and detection events. For example in accordance with an
embodiment, a desired dosage count for each color channel
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can be entered into a reference counter. During a measure-
ment, the control electronics monitor the dosage and gate off
the excitation source for each color when the dosage count
equals the amount in the reference counter. Light is metered
independently of the exposure time period, rather as a func-
tion of the total light delivery prescribed by the reference
counter. The precise dosage is delivered during each expo-
sure, leading to quantitation as precise as the light flux mea-
surement.

In this way, quantitative analysis can be performed using
metered dosage with or without constant exposure times. In
the former case, the light flux is maintained at the same level,
and the flux is delivered within the exposure period. After the
metered light dosage has been delivered, the excitation light is
gated off leaving a time period when the camera can still
detect fluorescent signals. In the latter case, the light flux is
held constant, and the exposure time will vary as the intensity
fluctuates.

In accordance with an embodiment, a range of light levels
can be monitored and measured using conventional counters
and logic circuitry. In some instances, the dosage levels may
be so small as to generate insufficient statistical counts or too
large and can overflow the counters. In these instances, a
programmable gain can be used to dynamically adjust the
count rate from the dosimeter circuitry.

Temporally Fast Analysis

In accordance with an embodiment of particular use in
temporally fast analysis, the sources and circuitry can be
implemented for fast switching, as is common with LEDs,
lasers and light pipes. For example, in accordance with these
embodiments, all switching can be performed electronically,
with no mechanical motion. This allows modulation in the
range of 10 ns to 1 ms to be readily achieved. In addition,
significant speed increases can be achieved by directly con-
necting the camera and the illumination subsystem. In accor-
dance with this embodiment, the host computer can trigger
the camera to begin the analysis. The camera in turn can send
a trigger to the illumination subsystem to turn on the excita-
tion light. When the dosage count equals the reference count,
the light is gated off, and a signal is sent to the camera to end
the exposure. This configuration eliminates the variability in
timing associated with non-real-time operating systems.

The illumination subsystem can also be used as a direct
connection to drive the camera to activate or advance. Color
channels can be programmed, e.g. via a ring buffer, to engage
camera operation uniquely for each fluor of interest, each
excitation source in a preprogrammed series of exposures of
the various color channels. The timing of such camera and/or
illuminator pulses can be optimized to interrogate specialized
fluor characteristics, such as for fluorophor lifetime measure-
ments, photoactivation and photolysis measurements as
examples.

Photo-Bleaching and Phototoxicity

In accordance with another embodiment, the ability to
precisely meter the light dosage and precisely turn on and off
the illumination can minimize overall the exposure of the
biological sample to the illuminator’s excitation light. In so
doing, photo-bleaching and phototoxicity effects are reduced,
sample viability for live cell analyses is prolonged, and arti-
facts imposed by the lighting on the measurement are
reduced. The combined benefit of such dosage optimization is
enhanced accuracy and longer duration quantitative fluores-
cent analyses.

Modulation Techniques

As described above, in accordance with an embodiment, a
metered dosage technique can be used to obtain pulse-to-
pulse repeatability and increase dynamic range. This tech-
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nique involves gating the light on and off for the required
dosage during each camera exposure period. Other modula-
tion techniques can be used, e.g., Forster (or Fluorescence)
Resonance Energy Transfer (FRET); or fluorescence lifetime
imaging microscopy (FLIM), wherein the illumination is
modulated, and the fluorescence lifetime is determined by the
phase shift and modulation depth of the fluorescence signal
relative to the illumination signal. FIG. 4 illustrates an
example of a fluorescence lifetime imaging microscopy
(FLIM) technique 146, in accordance with an embodiment.
Analog Measurement Techniques

As described above, in accordance with an embodiment, a
host computer can be used to generate an analysis protocol,
including providing a dosage for each of the plurality of
colors, and receiving feedback data from a camera, while a
microprocessor-based counter counts the pulse train, and
compares the ongoing count to the reference count or preset
dosage for each color. In accordance with other embodi-
ments, alternative measurement techniques, such as analog
measurement techniques can be used. FIG. 5 illustrates an
embodiment 152 which provides an analog measurement of
dosage, in accordance with an embodiment. As shown in FIG.
5, the current output of a photodiode (PD) 154 canbe fed to a
transimpedance amplifier (TTA) 156, and converted to a volt-
age. This voltage signal can be integrated by the integrator
opamp (f) 158. The comparator (=) 160 compares the inte-
grator output to a target reference level equal to the desired
dosage. When the two values are the same, the comparator
can generate a signal 162, turning off the light engine.

Use Cases

In accordance with an embodiment, the light engine can be
operated in different modes, i.e. the output of the light engine
can be controlled using a variety of different mechanisms, to
satisfy particularuse cases. This enables the light engine to be
particularly useful in, e.g. quality-control, analysis, or assess-
ment-based environments.

For example, although some light engines might provide
an open loop option, in which output power information is
readable on a monitor, such information is generally not fed
back to any controller internal to the light engine. Although
the current may be constant, there is no feedback mechanism
on the power delivered, so the outputs are susceptible to a
variety of atmospheric changes. In accordance with an
embodiment, the use of a closed-loop option is beneficial not
only for controlling inter-assay reproducibility, but also for
monitoring inter-instrument reproducibility. For example,
using a metered dosage approach, an entity can calibrate all of
their light engines for all instrument products to deliver the
same output power at a particular setting.

As another example, in analytical and clinical testing
facilities, applications such as bioassay development, quality
control in assay development and reagent formulation, clini-
cal screening, diagnostics, treatment and therapeutic evalua-
tion, and other analytical and bioanalytical endeavors, require
that intra-assay control, as well as inter-instrument control, be
robust and reproducible. This ensures that multiple instru-
ments (e.g., readers, scanners and hand held analysis tools)
processing the same or similar analyses will yield equivalent
results in terms of the signal generated for similarly per-
formed procedures. In turn, this requires the instrument per-
formance itself to be well behaved and reproducible, which
can only be accomplished in light-dependent bioanalytical
equipment if the illumination can be controlled and identical
for all instruments. In accordance with an embodiment, a
metered dosage approach can be used to enable this type of
quality control. In particular, the output of each instrument
can be calibrated to, e.g. a NIST traceable standard, and the
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dosage required to achieve this power level can be recorded.
Then, this identical light flux dosage, or an amount propor-
tional to this dosage, can be delivered for each exposure for
each instrument, or among different instruments within a
family of analysis tools.

Use Case—Constant Current

In accordance with an embodiment, in a constant current
mode, the light engine’s circuitry monitors the current
through each light source and keeps that constant. The
amount of current can be sensed by measuring a voltage drop
across a calibrated resistor. Once thermalized, the power out-
put is constant for a constant ambient temperature and pres-
sure, and the pulse-to-pulse reproducibility is better than
99%. This is a suitable option in a well-controlled environ-
ment with no thermal changes or warm up times. However,
outputs can fluctuate as a function of warm up, duty cycle,
power level and atmospheric conditions.

FIG. 6 illustrates how the system can be used to provide
constant current dosage illumination, in accordance with an
embodiment. As shown in FIG. 6, the system 170 can be
provided similarly to that shown in FIG. 1 above. When a
constant current mode is used, the light engine’s current
monitoring circuit 172 monitors the current through each
light source and keeps that constant, to provide a constant
current light output 176 of generally constant dosage 176
(subject to the considerations of warm up, duty cycle, power
level and atmospheric conditions, as described above).

Use Case—Metered Dosage

In accordance with an embodiment, in a metered dosage
mode, the system monitors a portion of the light engine output
beam, internal to the light engine, using a light-to-frequency
converter or circuitry, similar to that described above. The
output of this circuitry is a pulse train which is fed to a
counter. When the counter reaches the desired count or dos-
age, the light exposure is terminated. The total integrated light
flux or dosage can be regulated to be the same for each camera
exposure or defined detection period. This means that,
although the time period that the light source is on may vary
slightly, the number of counts does not. The output can be
locked into the photon number, and the resultant dosage is not
susceptible to warm up time, duty cycle, power level or
changes in atmospheric conditions.

FIG. 7 illustrates how the system can be used to provide
metered dosage illumination, in accordance with an embodi-
ment. As shown in FIG. 7, the system 180 can again be
provided similarly to that shown in FIG. 1 above. When a
metered dosage mode is used, the system monitors a portion
of the light engine output beam, internal to the light engine,
using a light-to-frequency converter or circuitry, and regu-
lates the light output 182 to be the same count 184, 186, 189
for each camera exposure or defined detection period, so that,
although the time period that the light source is on may vary
slightly, the number of counts does not.

Use Case—Constant Intensity

In accordance with an embodiment, in a constant intensity
mode, the light engine can include a circuitry that monitors
the light output, and adjusts the intensity levels in real time.
This mode is particularly useful in rolling shutter camera
applications. Limitations of this approach versus, e.g. the
metered dosage approach described above, include that there
may be a compromise in the maximum power or intensity
deliverable because some headroom is needed in order to
offset the anticipated fluctuations; exposure times will gen-
erally be longer; and the dynamic range of the final instrument
will be smaller than that for an instrument controlled by
metered dosage. The accuracy of the light engine calibration
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will also be somewhat lower than that for metered dosage,
because the sensor response will fluctuate due to atmospheric
conditions.

FIG. 8 illustrates how the system can be used to provide
constant intensity illumination, in accordance with an
embodiment. As shownin FIG. 8, the system 190 can again be
provided similarly to that shown in FIG. 1 above. When a
constant intensity mode is used, a light intensity monitoring/
adjusting circuit 192 monitors the light output 194, and
adjusts the intensity levels of one or more sources 196,197 in
real time.

The present invention may be conveniently implemented
using one or more conventional general purpose or special-
ized digital computers or microprocessors programmed
according to the teachings of the present disclosure. Appro-
priate software coding can readily be prepared by skilled
programmers based on the teachings of the present disclo-
sure, as will be apparent to those skilled in the software art.

In some embodiments, the present invention includes a
computer program product which is a storage medium (me-
dia) having instructions stored thereon/in which can be used
to program a computer to perform any of the processes of the
present invention. The storage medium can include, but is not
limited to, any type of disk including floppy disks, optical
discs, DVD, CD-ROMSs, microdrive, and magneto-optical
disks, ROMs, RAMs, EPROMs, EEPROMs, DRAMs,
VRAMs, flash memory devices, magnetic or optical cards,
nanosystems (including molecular memory ICs), or any type
of media or device suitable for storing instructions and/or
data.

The foregoing description of the present invention has been
provided for the purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the
precise forms disclosed. In particular, although most of the
examples above illustrate the providing of metered dosage
illumination in the context of a bioanalysis system, the tech-
niques can be similarly used to provide metered dosage illu-
mination in the context of other types of systems. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical appli-
cation, thereby enabling others skilled in the art to understand
the invention for various embodiments and with various
modifications that are suited to the particular use contem-
plated. It is intended that the scope of the invention be defined
by the following claims and their equivalence.

What is claimed is:

1. A system for providing light to illuminate a sample

comprising:

a light engine including a plurality of color channels
wherein each color channel includes,

a solid state light source,

a band pass filter, and

an electronic circuit to power the solid state light source,

whereby each color channel provides light of a different
specific wavelength band suitable for exciting a fluo-
rescent molecule;

an optical system comprising a plurality of reflective ele-
ments internal to the system which direct light from each
color channel into a light beam;

a beam splitter which splits said light beam into an output
light beam for illuminating said sample and a redirected
light beam internal to the system;

a light to frequency converter internal to the system which
receives said redirected light beam from the beam split-
ter and generates a pulse train having a frequency pro-
portional to an intensity of said redirected light beam;



US 9,335,266 B2

9

a counter that maintains a count of pulses in the pulse train
such that the count of pulses provides a measure of the
intensity of light in said redirected light beam; and

a light intensity circuit which monitors the ongoing count
of pulses maintained by the counter and adjusts one or
more of the plurality of color channels in real time to
thereby control intensity of said output light beam for
illuminating the sample.

2. The system of claim 1, wherein said plurality of color
channels comprises at least four color channels selected from
violet, blue, cyan, teal, green, red, and yellow, such that each
of'the four color channels provides light of a selected intensity
and a different specific wavelength band suitable for exciting
a fluorescent molecule, and wherein the plurality of color
channels includes at least four solid state light sources and at
least four band pass filters.

3. The system of claim 1, wherein said plurality of color
channels comprises at least five color channels selected from
violet, blue, cyan, teal, green, red, and yellow, such that each
of'the five color channels provides light of a selected intensity
and a different specific wavelength band suitable for exciting
a fluorescent molecule, and wherein the plurality of color
channels includes at least five solid state light sources and at
least five band pass filters.

4. The system of claim 1, further comprising:

a camera for measuring fluorescence received from a
sample in response to exposure of the sample to the
output light beam.

5. The system of claim 1, further comprising:

a camera for measuring fluorescence received from a
sample in response to exposure of the sample to the
output light beam; and

a host computer for triggering an exposure period of said
camera.

6. The system of claim 1, wherein the light intensity circuit
monitors the ongoing count of pulses maintained by the
counter and adjusts one or more of the plurality of color
channels in real time to thereby maintain constant output light
beam intensity.

7. The system of claim 1, wherein the system is used as part
of a bioanalysis system.

8. The system of claim 1, wherein the system is used as part
of a bioanalysis system used for detection of fluorescent
molecules in a biological sample.

9. The system of claim 1, wherein the system is used as part
of'abioanalysis system for one or more of: quantitative analy-
ses, temporally fast analyses, fluorescence imaging, gene
expression analysis, sequencing, high resolution fluores-
cence microscopy, fluorescence life time measurements, For-
ster Resonance Energy Transfer (FRET) Microscopy, and
high content screening.

10. A method comprising:

providing a light engine including a plurality of color chan-
nels, wherein each color channel includes, a solid state
light source, a band pass filter, and an electronic circuit
to power the solid state light source, and whereby each
color channel provides light of a different specific wave-
length band suitable for exciting a fluorescent molecule;

causing one or more of the color channels to provide light
ofadifferent specific wavelength band suitable for excit-
ing a fluorescent molecule;

combining the light from each of the plurality of color
channel into a light beam using a plurality of reflective
elements;

splitting the light beam using a beamsplitter into a redi-
rected light beam directed at a light to frequency con-
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verter internal to the light engine and an output light
beam for illuminating a sample;

receiving the redirected light beam from the beam splitter

with a light to frequency converter;

generating a pulse train with said light to frequency con-

verter wherein the pulse train has a frequency propor-
tional to an intensity of light in said redirected light
beam;

maintaining a count of pulses in the pulse train such that the

count of pulses provides a measure of the intensity of
light in said redirected of the light beam; and

adjusting one or more of the plurality of color channels in

real time in response to the count of pulses to thereby
control intensity of said output light beam for illuminat-
ing the sample.

11. The method of claim 10, wherein the plurality of color
channels includes at least four color channels selected from
violet, blue, cyan, teal, green, red, and yellow, such that each
of'the four color channels provides light of a different specific
wavelength band suitable for exciting a fluorescent molecule,
and wherein the plurality of color channels includes at least
four solid state light sources and at least four band pass filters.

12. The method of claim 10, wherein the plurality of color
channels includes at least five color channels selected from
violet, blue, cyan, teal, green, red, and yellow, such that each
of'the five color channels provides light of a different specific
wavelength band suitable for exciting a fluorescent molecule,
and wherein the plurality of color channels includes at least
five solid state light sources and at least five band pass filters.

13. The method of claim 10, further comprising:

directing the output light beam at a sample; and

measuring fluorescence received from a sample in
response to exposure of the sample to the output light
beam.

14. The method of claim 10, further comprising:

directing the output light beam at a sample;

triggering an exposure period of a camera;

using the camera to measure fluorescence received from

the sample in response to exposure of the sample to the
output light beam.

15. The method of claim 10, wherein said adjusting step
comprises adjusting one or more of the plurality of color
channels in real time in response to the count of pulses to
thereby maintain constant output light beam intensity.

16. The method of claim 10, further comprising:

directing the output light beam at a sample; and

measuring fluorescence received from the sample in
response to exposure of the sample to the output light
beam to perform analysis of said sample.

17. The method of claim 10, further comprising:

directing the output light beam at a biological sample; and

measuring fluorescence received from the biological
sample in response to exposure of the biological sample
to the output light beam to detect fluorescent molecules
in the biological sample.

18. The method of claim 10, further comprising:

directing the output light beam at a sample; and

measuring fluorescence received from the sample in
response to exposure of the sample to the output light
beam to perform analysis of said sample wherein said
analysis includes one or more of: quantitative analyses,
temporally fast analyses, fluorescence imaging, gene
expression analysis, sequencing, high resolution fluo-
rescence microscopy, fluorescence life time measure-
ments, Forster Resonance Energy Transfer (FRET)
Microscopy, and high content screening.
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19. A system for the detection of fluorescent molecules in
a biological sample, the system comprising:

a light engine including a plurality of color channels

wherein each color channel includes,

a solid state light source,

a band pass filter, and

an electronic circuit to power the solid state light source,

whereby each color channel provides light of a different
specific wavelength band suitable for exciting a fluo-
rescent molecule;

an optical system comprising a plurality of reflective ele-
ments which direct light from each color channel into a
light beam;

a beam splitter which splits the light beam internal to the
system into a redirected beam and an output light beam;

a light to frequency converter which receives said redi-
rected light beam from the beam splitter internal to the
system and generates a pulse train having a frequency
proportional to an intensity of light in said redirected
light beam;

a counter that maintains a count of pulses in the pulse train
such that the count of pulses provides a measure of the
intensity of light in said redirected light beam;

a light intensity circuit which monitors the ongoing count
of pulses maintained by the counter and adjusts one or
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more of the plurality of color channels in real time to
thereby control intensity of the output light beam; and

a camera for measuring fluorescence received from the

sample in response to exposure of the biological sample
to the output light beam.

20. The system of claim 19, further comprising a host
computer which triggers said light engine and triggers said
camera.

21. The system of claim 19, wherein the plurality of color
channels comprises at least four color channels selected from
violet, blue, cyan, teal, green, red, and yellow, such that each
of'the four color channels provides light of a selected intensity
and a different specific wavelength band suitable for exciting
a fluorescent molecule, and wherein the plurality of color
channels includes at least four solid state light sources and at
least four band pass filters.

22. The system of claim 19, wherein the system is used as
part of a bioanalysis system for one or more of: quantitative
analyses, temporally fast analyses, fluorescence imaging,
gene expression analysis, sequencing, high resolution fluo-
rescence microscopy, fluorescence life time measurements,
Forster Resonance Energy Transfer (FRET) Microscopy, and
high content screening.
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